Aylesbury ducks (Anas platyrhynchos) chronically infected with the duck hepatitis B virus provide a useful model for studying hepadnavirus infection, replication and the effects of antiviral therapy. In these studies, it is necessary to have an effective method for obtaining repeat liver specimens for histological and molecular analyses. We have therefore developed a percutaneous liver biopsy technique which has a low rate of complications, can be performed at repeated intervals, and provides sufficient quantities of liver tissue for histological and nucleic acid hybridization analysis.
A percutaneous liver biopsy technique in ducks , (Anas platyrhynchos) provide a useful model for studying hepadnavirus infection, replication and the effects of antiviral therapy. In these studies, it is necessary to have an effective method for obtaining repeat liver specimens for histological and molecular analyses. We have therefore developed a percutaneous liver biopsy technique which has a low rate of complications, can be performed at repeated intervals, and provides sufficient quantities of liver tissue for histological and nucleic acid hybridization analysis.
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The Aylesbury-Pekin duck (Anas platyrhynchos) is a useful model for the study of duck hepatitis B infection in experimentally or naturally infected birds and has proved useful for studying the in vivo efficacy of various antiviral drugs on duck hepatitis B virus (DHBV) (Zuckerman 1987, Kassianides et al., 1989) . Obtaining serial samples of liver tissue for histology and molecular biology studies is an important prerequisite to this work. Our aim was therefore to develop a safe, reliable and repeatable method of obtaining liver tissue. Although a technique for repeated liver biopsy using a skin punch has been described, the latter technique requires repeated skin incisions and abdominal exposure of the liver (Bacher et al., 1989) . The non-surgical percutaneous route of liver biopsy we describe, however, may obviate abdominal exposure.
Materials and methods
We have performed selected percutaneous liver biopsies in Aylesbury ducks infected with DHBV and treated with experimental antiviral agents. After performing approximately 50 liver biopsies, we have found the following percutaneous technique to be the safest and most efficient. The average weight of the birds was between 2· 5 and 3, 5 kg. The ducks (supplier: Orchards Farm, Buckinghamshire, UK) were of both sexes and they were 3 to 6 months old at the time of the liver biopsy. The ducklings, all from a DHBV negative flock, were infected at one day after hatching with an intravenous DHBV positive inoculum, and were reared in an open system consisting of floor pens with wood shavings (3 birds per pen). The environmental temperature was maintained between 18-21°C with 60070 relative humidity and a ventilation of 18 changes per hour. The birds were fed ad libitum with Chick Crumbs (Attlee, UK) before the third month and with Layars Pellets (Attlee, UK) after the third month. Drinking water was supplied ad libitum. The growing period was at least 3 months before performing experimental procedures. The liver biopsy birds are initially anaesthetized via the right external jugular vein using a 60 mg/ml solution of sodium pentobarbital in a 1: 1 dilution with sterile water. We typically use a 10 ml syringe and 21 gauge butterfly needle for this purpose. We prefer to use the right external jugular vein of the birds which is easily identifiable and accessible, after plucking feathers and wetting the neck with chlorohexidene. The anaesthetic is injected slowly with intermittent testing of reflexes, primarily the birds' inner lid eye blink and web pinch reflexes. Once these reflexes have been lost, the biopsy can proceed. We have found it convenient to leave the butterfly in place in the external jugular vein so that the anaesthesia could be maintained throughout the whole procedure. No bird has required more than 90 mg of pentobarbital.
One handler supports the bird in the supine position with the wings close to the body. The 255 position of the liver is identified at the junction of the caudal aspect of the keel and lower right costal margin. As shown in Fig. 1 , the right lobe of the liver is much larger than the left and is easily accessible beyond the costal margin. In addition, it usually extends deep into the thorax (6-7 em), so that the risk of damaging vital organs (air sacs, heart) is minimal. The gallbladder is located near the middle part of the dorsal surface of the right lobe, so the biopsy is performed approximately 4, 5 cm lateral to the midline to lessen the risk of perforation. A paediatric Menghini liver biopsy needle with the stylet removed and the guard in place is attached to a 10 ml syringe, with at least 8 ml of sterile saline already drawn up. Only a sharp puncture is required to penetrate the skin; a skin incision is unnecessary as the abdominal wall is very thin. To dislodge any subcutaneous tissue 1 or 2 ml of sterile saline is injected in the tip of the biopsy needle. The needle is inserted at a 30°angle into the substance of the liver and an aspiration biopsy performed (Fig. 2) . The biopsy core is expelled by injecting a few millilitres of saline through the needle. Typically cores of liver tissue 2· 5 cm in length, weighing approximately 10 mg/cm are obtained (Fig. 3) . The biopsy may be safely repeated if a larger amount of tissue is required. The entire procedure normally takes about 20 min. The birds are returned to clean pens to recover from the anaesthetic which typically takes 1-2 h. The ducks display no signs of discomfort and within 2-4 h have resumed normal behavioural activities compared with their non-biopsied counterparts. The biopsies have been safely repeated with selected birds after 2 to 3 weeks.
In preliminary experiments, ducks were killed with terminal anaesthesia and the livers were examined macroscopically and histologically to assess tissue injury.
Results
In approximately 50 biopsies performed, we have encountered only 2 complications. In one animal, the gallbladder was accidentally punctured as evidenced by free flowing bile in the liver biopsy needle and syringe. The duck experienced an episode of post-biopsy vomiting but recovered uneventfully. When subsequently killed extensive fibrosis was evident in the area of the gallbladder bed, but this was the only anatomical abnormality. Early in the course of our experience, one bird failed to recover from the anaesthetic. This problem has not rec~rred, probably due to the close attention to depth of anaesthesia and the slow rate of injection that we now practice. The liver cores obtained have proved adequate for histological ( Fig. 4) and molecular hybridization investigations and sufficient DHBV DNA is obtained for Southern Blot analysis. We have seen histological evidence of fibrotic areas corresponding to the biopsy site in the liver of the sacrificed birds. Peritoneal adhesions, haematomas or abscesses were not observed. Several days after biopsy, the site is visible only as a small scar. Extensive haemorrhage has not been observed.
Discussion
We believe the percutaneous liver biopsy method we describe in this paper offers an advantage over the surgical biopsy techniques described by others (Kollias, 1984 , Bacher et 01. 1989 ). The technique is more rapid, and technically easier to perform than an open biopsy or resection. The procedure is less invasive to the duck and is associated with a low complication rate. Minimal equipment is required, thus reducing costs. The microstructure of the liver as seen on histologic specimens is well preserved. Gross observation of the liver after biopsy similarly shows minimal disruption. A potential disadvantage of this method is the moderate amount of tissue obtained. When larger amounts of tissue are required, repeat biopsy specimens can easily be taken at the same time. None the less, sufficient tissue for DHBV DNA extraction and Southern blot analysis is frequently obtainable after a single pass. As with all percutaneous biopsy techniques, experience is an advantage. It may be helpful therefore to perfect the technique first using dead birds, with postbiopsy, open visualization of the biopsy site. 
